While summer Arctic sea-ice extent has decreased over the past three decades, it is subject to large interannual and regional variations. Methodological challenges in measuring ice thickness continue to hamper our understanding of the response of the ice-thickness distribution to recent change, limiting the ability to forecast sea-ice change over the next decade. We present results from a 2400 km long pan-Arctic airborne electromagnetic ( 
Introduction
Over the last 30 years, the areal extent of summer Arctic sea ice has rapidly declined at a rate of 11.2%/decade. It plummeted to a record minimum coverage of 4.28x10 6 km 2 in September 2007, with only slightly higher extent in 2008. However, as sea ice is subject to strong interannual variability [Haas and Eicken, 2001] , ice extent in 2009 was higher, and with 5.36x10 6 km 2 close to the multidecadal linear trend. Sea-ice thinning and retreat are expected to continue as a result of climate change, amplified by ice-albedo feedback. There is evidence from model simulations that Arctic sea ice is in a transition to long-term reductions and eventual loss of summer ice [Holland et al., 2006; Lindsay and Zhang, 2005] . However, discussions among scientists contributing to a community-wide sea-ice outlook in summer of 2008 and 2009 , highlighted the dominant role that weather and largescale atmospheric circulation play in either compounding or compensating the preconditioning effects of climate change on the state of the ice cover [Overland et al., 2009; SEARCH Sea Ice Outlook, unpublished, 2009] . The Outlook also established that more reliable forecasts of ice evolution over the course of the summer require improved ice thickness information to help evaluate the initial state of the ice cover before the onset of summer melt.
However, accurate ice thickness information is still scarce over wide regions of the Arctic
Ocean. Most ice thickness data over the past few decades have been obtained during sporadic nuclear submarine cruises, by means of upward-looking echo-sounders capable of measuring the draft of ice floes [Wadhams and Davis, 2001; Rothrock and Wensnahan, 2007] . Significant advances have furthered retrieval of ice thickness from freeboard (here: height of the ice or snow surface above the water level) measurements by airborne and satellite radar and laser altimetry [Hvidegaard and Forsberg, 2002; Giles et al., 2007; Kwok and Cunningham, 2008] . Similar to submarine draft measurements, ice thickness can be computed from freeboard based on assumptions about the ice density profile and snow density and depth [Kwok and Cunningham, 2008] . However, since the freeboard/thickness ratio is much smaller than the draft/thickness ratio, uncertainties in the freeboard retrieval and in snow density and depth result in much larger errors of the obtained ice thicknesses.
While recent results hold promise, a detailed validation of altimetry measurements is still pending. Kwok et al. [2009] showed that basin-wide Arctic sea-ice volume strongly decreased between 2003 and 2008, mostly due to replacement of multiyear by first-year ice as a result of recent regime shifts [Maslanik et al., 2007; Nghiem et al., 2007] , and thinning of multiyear ice. However, they did not observe significant changes in the mean thickness of the first-year ice regions.
Electromagnetic induction (EM) sounding allows for surveys of total (ice-plus-snow) seaice thickness utilizing the strong electrical conductivity contrast between ice and seawater.
Snow depth uncertainties have less impact on the accuracy of the ice thickness retrieval than with altimetry. Ground and helicopter-borne EM surveys have shown that the modal thickness of second-and multiyear ice in the region of the North Pole has decreased by 0.9 m between 1991 and 2007 [Haas et al., 2008] . Modal thickness at the North Pole plummeted from 2.2 m in 2004 to 0.9 m in the summer of 2007, mainly as a result of firstyear ice replacing old ice [Haas et al., 2008] .
Here, we present results of an extensive synoptic airborne EM ice thickness survey, carried out in April 2009, over key regions of the Arctic Ocean north of Svalbard, Greenland, Canada, and Alaska, predominantly covered by multiyear ice (Figure 1 ). This survey was performed to assess the present state of the Arctic sea ice cover, to validate satellite data, for comparison with observations from previous years, and to provide background information for the prediction and interpretation of sea ice changes in the summer of 2009 and subsequent years. As previous helicopter-borne surveys were severely range-limited and logistically involved (e.g. Haas et al., 2006) , we have for the first time developed a towed EM system for a fixed-wing aircraft ( Figure 2 ).
Measurements
EM sounding is a classical geophysical method to detect the distance between an EM instrument and the boundary between the resistive sea ice and the conductive sea water, i.e.
its altitude above the ice/water-interface [Kovacs et al., 1987] . The method is based on measurements of the amplitude and phase of a secondary EM field induced in the seawater by a primary field transmitted by the EM instrument. Surveys are usually performed with a towed sensor package ("EM Bird"), which is operated some tens of meters below the aircraft, and 20 m above the ice. The Bird's altitude above the snow or ice surface is measured with a laser altimeter. Ice-plus-snow thickness (hereafter referred to as ice thickness) results from the difference between the altitude above the ice/water-interface and above the snow or ice surface [Haas et al., 2009] .
The accuracy of EM measurements is ±0.1 m over level ice [Pfaffling et al., 2007; Haas et al., 2009] . However, the maximum thickness of pressure ridges is generally underestimated due to their porosity and the EM footprint diameter of up to 3.7 times the instrument altitude [Reid et al., 2006] . The measured thickness of unconsolidated ridges can be less than 50% of the "true" thickness [e.g., Haas and Jochmann, 2003] . Therefore, obtained thickness distributions are most accurate with respect to their modal thickness, while mean ice thickness can still be used for relative comparisons between regions and campaigns.
Operation of a towed bird is advantageous because this eliminates electromagnetic induction in metal parts of the towing aircraft. Also, towing of birds allows their operation closer to the ice and water surface, were the EM field induced in the water is strongest and higher signal-to-noise ratios can be achieved. Here, we operated an EM Bird under a Basler [Maslanik et al., 2007] and reduced summer bottom and surface ablation [Perovich et al., 2008] . Along the Ellesmere Island -North Pole transect ice thickness decreased due to prevalence of younger, less deformed ice further north.
The ice thickness distribution histograms shown in Figure 1 provide much better insight into the state of the sea ice cover than mean values. The modes apparent in the distributions correspond to new ice, level first-year, and level older ice (Table 1) Table 2 .
